Introduction {#s1}
============

Psychotic disorders, such as schizophrenia and bipolar disorder with psychosis, lead to profound and enduring social impairment ([@B1]--[@B3]). This impairment includes greater social isolation, lower rates of marriage, fewer friends, and strained family relationships ([@B4], [@B5]). When individuals with psychotic disorders do interact socially, they often have difficulty with the basic skills necessary to have a successful social interaction ([@B6]--[@B8]). This social impairment persists following stabilization of psychotic symptomatology with medication ([@B9], [@B10]). In a recent 20-year outcome study of individuals initially admitted with a first episode of psychosis, results indicated stable impairment in social functioning across psychotic diagnoses ([@B11]).

Social impairment in psychosis is determined by multiple factors. Findings in schizophrenia indicate that social impairment is a consequence of the combined effects of negative symptoms ([@B12]), cognitive impairment \[e.g., ([@B13], [@B14])\], social cognitive impairment ([@B15]), and poor functional capacity or social skill ([@B6]--[@B8]). These factors have been shown to interact to result in social impairment in schizophrenia ([@B16]). A similar pattern of results has been obtained in bipolar disorder with negative symptoms, cognitive impairment, and poor functional capacity associated with poor community functioning ([@B17]).

Recent research suggests the novel idea that sleep may be an important consideration in understanding social impairment in psychosis. Sleep disturbances, such as insomnia, have been found to be related to a variety of mental disorders ([@B18], [@B19]). As a result, sleep disturbance has increasingly been viewed as a transdiagnostic factor contributing to psychiatric symptomatology and functional impairment ([@B20], [@B21]). Research indicates that sleep may be especially important in psychosis given that sleep disturbances and sleep disorders occur frequently in psychotic disorders \[e.g., ([@B22]--[@B24])\] and are evident early in the course of psychosis ([@B25], [@B26]). Importantly, as reviewed below, sleep problems are tied to a variety of social difficulties.

Gordon et al. ([@B27]) have proposed a model outlining the bidirectional effects of sleep and social processes \[also see review by Troxel ([@B28]) for a similar bidirectional perspective\]. In this model, sleep has widespread impacts on social processes from social cognition to interpersonal behavior. Further, one's social environment and experiences can have both positive and negative implications for various sleep parameters ([@B27]). Evidence supporting these bidirectional models comes from a variety of sources. Poor sleep quality, including even mild insomnia, has adverse impacts on overall quality of life including reports of poorer social functioning ([@B29], [@B30]). Marital relationship quality has been found to be related to sleep disturbances \[see ([@B28])\] and perceived better relationship quality with relatives and friends has been found to be associated with better sleep quality ([@B31]). Supportive social relationships have been shown to be related to better sleep quality while aversive or strained social ties are related to poorer sleep quality ([@B32]--[@B34]). Finally, loneliness has been shown to be associated with poorer sleep efficiency ([@B35]) and sleep-related daytime dysfunction ([@B36]).

Beyond cross-sectional findings showing an association between social relationships and sleep, other methods have been used to directly test the causal role that sleep may have in social outcomes. In a 3-year longitudinal study, Tavernier and Willoughby ([@B37]) found bidirectional effects of sleep problems and poorer social ties with a mediating role of affect regulation. Using daily sleep diaries, Gordon and Chen ([@B38]) demonstrated that relatively poorer sleep leads to greater interpersonal conflict the following day (even after controlling for prior conflict). Providing social rejection feedback has been shown to lead to poorer subsequent sleep ([@B27]). Within couples' interactions, poorer prior night sleep has been found to be related to a lower ratio of positive to negative affect, lower empathic accuracy, and less conflict resolution ([@B38]). Simon and Walker ([@B39]) have shown that experimental sleep deprivation can lead to social withdrawal and feelings of loneliness. Importantly, it was also demonstrated that when sleep deprived, individuals behave in ways that lead observers to perceive the individual as lonely and observers reported that they would be less willing to interact socially or collaboratively with the sleep deprived individual ([@B39]). Simon and Walker ([@B39]) concluded that sleep loss leads to a self-reinforcing cycle of social separation and withdrawal. Finally, sleep intervention for insomnia has been shown to improve self-reported social functioning \[e.g., ([@B40])\], and treatments for obstructive sleep apnea have been shown to improve social functioning ([@B41]) and marital satisfaction ([@B42]).

Less is understood regarding the social implication of sleep in psychosis. In schizophrenia, poor sleep quality has been found to be associated with lower self-reported quality of life ([@B43], [@B44]) including less enjoyment and satisfaction with social relationships ([@B45]). Relationships between sleep quality and quality of life (including satisfaction with social relationships) have been shown to persist even after controlling for depression or medication side effects ([@B45]). Beyond ratings of satisfaction, lower sleep quality has been found to be related to poorer personal and social functioning in individuals with schizophrenia ([@B46]). Liu et al. ([@B47]) examined self-reported symptoms of obstructive sleep apnea (OSA; snoring, pauses in breathing during sleep, and disrupted sleep) within individuals with psychotic disorders and found that reports of pauses in breathing were associated with poorer overall health-related quality of life, including lower independent living and lower well-being (but not social relations). Findings from Liu et al. ([@B47]) are somewhat limited in that only single items were used to assess OSA-related symptoms and these symptoms were dichotomously scored as present or absent. In addition to research conducted on individuals with psychosis, other research indicates that sleep problems are related to poor role and social functioning in those at clinical high-risk for psychosis ([@B48]).

Consistent with the research in non-clinical populations, the existing literature suggests potential links between sleep disturbance and social impairment in psychosis. However, this sleep research in psychosis is limited in that few studies have examined objective indicators of social functioning \[e.g., ([@B46])\] and most studies have examined social functioning at a very broad level focusing on quality of life or satisfaction with social functioning. Further, we are not aware of any study that has examined the impact of sleep on self-reports of social support ([@B33], [@B34]) or other perceptions of social relationships \[e.g., loneliness ([@B35])\] that have been found to be associated with sleep quality. Finally, no study has examined how sleep is related to actual social behavior in psychotic disorders using assessments of social skill or competence---an important consideration given the clinical importance of skills deficits in determining functional impairment in psychosis ([@B7], [@B8], [@B16], [@B17]).

Guided by the NIMH research domain criteria (RDoC) framework ([@B49]--[@B51]), we adopted a symptom-oriented dimensional approach to examine how sleep disturbance and sleep-related impairment are related to multiple social domains within a transdiagnostic sample of individuals (N = 90). This sample included individuals with a variety of psychotic disorders (n = 75) along with healthy non-clinical participants (n = 15) to ensure sampling across the full range of sleep problems and social functioning. Social domains spanned self-reported perceptions of social relationships, functioning in the community, and behavioral assessments of social competence. We hypothesized that greater sleep disturbance and sleep-related impairment would be associated with more negative or problematic perceptions of social relationships (i.e., less social support, less companionship, and greater distress), poorer social functioning in the community, smaller social networks, and poorer behavioral ratings of social competency.

Materials and Methods {#s2}
=====================

Participants {#s2_1}
------------

Participants were enrolled in a larger ongoing grant-funded project examining social affiliative deficits from an RDoC perspective (National Institutes of Health grant R01MH110462). The mixed sample (N = 90) included clinical (n = 75) and non-clinical community (n = 15) participants. Participants diagnosed with a psychotic disorder (e.g., schizophrenia/schizoaffective disorder, delusional disorder, major depression with psychosis) were recruited from outpatient mental health clinics in the Baltimore and Washington, D.C. metro areas. Demographic and diagnostic characteristics of the study sample are summarized in [**Table 1**](#T1){ref-type="table"}. Diagnoses were determined with the Structured Clinical Interview for DSM-5 (SCID-5) ([@B52]). The majority of clinical participants were prescribed various forms of antipsychotic medication, including atypical antipsychotics (n = 46, 61%), typical antipsychotics (n = 10; 13%), or a combination of atypical and typical antipsychotics (n = 10; 13%). Other prescribed medications for clinical participants included antidepressants (n = 42, 61%), antianxiety (n = 32, 52%), mood stabilizers (n = 30, 40%), and antiparkinsonian medications (n = 21, 28%). We have previously reported on symptom correlates of sleep problems in this sample ([@B53]).

###### 

Sample characteristics (N = 90).

                                     Mean (SD) or n (percent)
  ---------------------------------- --------------------------
  Age (years)                        44.44 (11.66)
  Sex                                
   Male                              55 (61.1%)
   Female                            35 (38.9%)
  Race                               
   African-American                  66 (73.3%)
   White                             19 (21.1%)
   Asian                             2 (2.2%)
   More than one race                3 (3.3%)
  Ethnicity                          
   Non-Hispanic or Latino            82 (91.1%)
   Hispanic or Latino                7 (7.8%)
   Unknown                           1 (1.1%)
  Marital Status                     
   Married                           6 (6.7%)
   Divorced/separated                13 (14.4%)
   Never married/single              71 (78.9%)
  Education (years)                  12.78 (2.32)
  Has a paying job                   
   Yes                               29 (32.2%)
   No                                61 (67.8%)
  Diagnosis                          
   Schizophrenia                     34 (37.8%)
   Schizoaffective Bipolar Type      13 (14.4%)
   Schizoaffective Depressive Type   13 (14.4%)
   Delusional disorder               1 (1.1%)
   BP I w/ psychotic features        8 (8.9%)
   MDD w/ psychotic features         6 (6.7%)
   No diagnosis (healthy control)    15 (16.7%)

BP, Bipolar; MDD, Major Depressive Disorder.

Inclusion criteria for clinical participants included (1) aged 18--60, (2) lifetime history of a psychotic disorder, (3) clinical stability (i.e., no inpatient hospitalizations for 3 months before enrollment, no changes in psychoactive medication in the 4 weeks before enrollment) as indicated by approval of clinician and medical record review, and (4) fluent in English. Community participants were recruited *via* online advertisements, and inclusion criteria included (1) aged 18--60, (2) no current clinical disorder or psychiatric medications, (3) no lifetime history of a psychotic or mood disorder, (4) no avoidant, paranoid, schizotypal, or schizoid personality disorder, and (5) fluent in English. Exclusion criteria for all participants included (1) current substance use disorder, (2) neurological conditions (e.g., epilepsy, multiple sclerosis), (3) evidence of intellectual disability as determined by medical history or cognitive testing, (4) any history of serious head injury, (5) any MRI contraindications (e.g., MRI unsafe metal in body, weight that exceeds the limitations of MRI machine), and (6) unwillingness to be videotaped during study participation.

Assessment of Sleep {#s2_2}
-------------------

Sleep assessments utilized the National Institutes of Health Patient-Reported Outcomes Measurement Information System (PROMIS™) Sleep Disturbance and Sleep-Related Impairment short-form scales ([@B54]). The Sleep Disturbance scale includes items such as "I had difficulty falling asleep" and "I had trouble staying asleep". The Sleep-Related Impairment scale includes items such as "I had a hard time concentrating because of poor sleep" and "I had a hard time getting things done because I was sleepy". These scales were developed using rigorous item-response theory methods as well as clinical judgement from content experts. The PROMIS™ Sleep Disturbance scale has demonstrated high convergent validity with the Pittsburgh Sleep Quality Index and both the PROMIS™ Sleep Disturbance and Sleep-Related Impairment scales are capable of differentiating healthy individuals from those with clinically diagnosed sleep disorders ([@B54]). The PROMIS™ sleep scales have also been shown to be sensitive to treatment effects of positive airway pressure therapy ([@B55]). Although not intended to measure symptoms of specific sleep disorders, the PROMIS™ scales do tap sleep quality and sleep dissatisfaction; thus, they are useful in assessing global severity of insomnia ([@B54]).

Assessment of Functioning {#s2_3}
-------------------------

The Adult Social Relationships Scales (ASRS) ([@B56]) consists of six self-report scales assessing for participant appraisals of social relationships over the past month across multiple domains. Domains assessed include perceived social rejection, perceived hostility, loneliness, friendship, instrumental support, and emotional support. The ASRS is part of the NIH Toolbox for the Assessment of Neurological and Behavioral Function and each scale has good internal reliability and concurrent validity with other instruments ([@B56]).

The Specific Levels of Functioning Scale (SLOF) ([@B57]) is a self-report measure that assesses community functioning. It consists of four subscales related to social and community functioning (Interpersonal Relationships, Social Acceptability, Involvement in Activities and Work Skills). The SLOF has been judged to be the best available measure of real-world functioning ([@B21]). Consistent with the procedures used in other samples with psychosis \[see ([@B21])\], participants completed a 30-item self-report measure of their "*typical* level of functioning" rated on a five-point Likert scale. Higher ratings indicate better functioning.

The Social Network Index (SNI) ([@B58]) is a 13-item self-report measure assessing for social network size. Social network size is the total number of individuals whom the respondent has had contact with at least once in the previous two weeks. The SNI has been used to study social relationships in samples at ultra-high risk for psychosis ([@B59]) and has been shown to relate to neuromorphology and brain function in neuroimaging studies ([@B60], [@B61]).

The UCSD Performance-Based Skills Assessment Brief Version (UPSA-B) ([@B7]) utilizes the Financial and Communications subscales, two out of the five original subscales that make-up the full UPSA. The UPSA-B uses role-playing tasks to assess an individual's capacity to perform everyday tasks as an indicator of their real-world functioning in the community. The financial skills subscale asks participants to count and make change using monetary props (i.e., US dollar bills and coins), and analyze and fill out a check for a utility bill. The Communication skills subscale asks participants to demonstrate their knowledge of using the telephone by rescheduling an appointment, dialing emergency services, and dialing directory assistance to obtain a telephone number. The total score ranges from 0 to 100 and is calculated by summing each of the two subscales with standardized scores ranging on a 0 to 50 scale. Higher scores indicate higher functional capacity. The UPSA-B has been found to be a valid behavioral measure of functional milestones and has good predictive validity for vocational outcomes ([@B7]). In a recent review ([@B62]), the UPSA was found to have robust relations with social functioning as assessed with the SLOF.

The MATRICS Consensus Cognitive Battery (MCCB) ([@B63]) is a cognitive battery designed specifically for people with psychosis. It includes 10 measures assessing for cognitive functioning in seven domains. Domains include speed of processing, attention, working memory, verbal learning, visual learning, reasoning and problem solving, and social cognition. Each of the measures included in the battery has demonstrated acceptable validity and test-retest reliability ([@B63]). The MCCB has been shown to be related to functional outcomes in schizophrenia \[e.g., ([@B64])\].

Assessment of Symptomology {#s2_4}
--------------------------

Brief Psychiatric Rating Scale, expanded version (BPRS) ([@B65]), is a 24-item clinical interview designed to assess current clinical symptomatology as experienced over the previous week. For the purposes of this study, an overall BPRS score was used to assess total symptom severity. The BPRS has shown acceptable test-rest reliability, internal correlation coefficients, and discriminant validity ([@B66]).

Procedures {#s2_5}
----------

Data were collected from within a larger fMRI study exploring the links between social affiliation and neurological threat response along with social reward processing. Study procedures were approved by the University of Maryland School of Medicine Institutional Review Board. Participants completed a standardized informed consent process with trained recruiters and signed an informed consent document. A brief questionnaire was administered by trained study staff to verify that participants were competent to provide consent and understood the consent document. After the consent process, participants completed in-person clinical interviews and self-report paper-and-pencil questionnaires related to diagnoses, cognitive functioning, social affiliation, and social functioning. Participants were also compensated for their participation.

Data Analysis {#s2_6}
-------------

Descriptive statistics for the sleep and social functioning measures are presented in [**Table 2**](#T2){ref-type="table"}. As reflected in the T-score values, PROMIS™ scales of sleep disturbance (range = 28.90--76.50) and sleep-related impairment (range = 30.00--76.90) represented a wide range, including values that were greater than two standard deviations above the population average ([@B54]). There were no significant differences between male and female participants in sleep disturbance (t = 1.88, p = .07) or sleep impairment (t = 0.52, p = .61). Age was not correlated with either sleep disturbance (r = .14, p = .20) or sleep impairment (r = −.04, p = .72). Given these null results, sex and age were not considered in the analyses. Descriptive statistics for total symptoms and MATRICS cognitive measures are presented in [**Table 3**](#T3){ref-type="table"}. Correlational analyses were conducted to assess the relation between sleep and social measures with additional partial correlation analyses conducted to control for symptomatology and cognitive impairment.

###### 

Descriptive statistics for sleep and social functioning assessments.

                                      M (SD)
  ----------------------------------- ---------------
  Sleep Disturbance (n = 90)          17.74 (7.73)
   T-Score                            46.00 (10.58)
  Sleep-Related Impairment (n = 90)   17.02 (7.21)
   T-Score                            49.37 (10.64)
  Adult Social Relationship Scales    
   Emotional Support (n = 90)         32.28 (7.45)
   Instrumental Support (n = 89)      26.42 (8.84)
   Friendship (n = 88)                25.41 (7.92)
   Loneliness (n = 89)                10.82 (5.64)
   Perceived Rejection (n = 89)       15.01 (6.99)
   Hostility (n = 88)                 14.67 (6.82)
  Social Functioning (SLOF)           
   Interpersonal (n = 90)             27.78 (6.08)
   Social Acceptability (n = 90)      27.58 (2.67)
   Social Function (n = 90)           55.36 (7.48)
   Activities (n = 89)                52.21 (6.33)
   Work Skills (n = 89)               26.54 (3.81)
   Comm Living Skills (n = 88)        83.31 (9.19)
  Social Network Size (n = 90)        11.16 (7.37)
  Social Competence (UPSA)            
   Financial (n = 89)                 41.09 (8.12)
   Communication (n = 90)             37.00 (9.10)

SLOF, Specific Level of Function Scale; UPSA, University of California, San Diego (UCSD) Performance-Based Skills Assessment.

###### 

Descriptive statistics for symptoms and cognitive functioning.

                                          M (SD)
  --------------------------------------- ---------------
  BPRS Total Symptom Score (n = 90)       37.24 (9.81)
  MATRICS Consensus Cognitive Battery:    
   Trail Making Test, Part A (n = 90)     49.69 (29.30)
   Symbol Coding (n = 89)                 40.46 (14.81)
   Category Fluency (n = 88)              18.60 (5.80)
   Verbal Learning (n = 90)               19.81 (6.67)
   Spatial Span (n = 89)                  12.97 (3.66)
   Letter-Number Span (n = 89)            10.73 (4.30)
   Mazes (n = 87)                         9.53 (6.64)
   Visuospatial Memory (n = 86)           15.83 (8.76)
   Managing Emotions (n = 88)             88.96 (14.70)
   Continuous Performance Test (n = 87)   3.40 (16.14)

Results {#s3}
=======

Correlations between sleep variables and social variables are presented in [**Table 4**](#T4){ref-type="table"}. Results from the Adult Social Relationship Scale indicated that greater sleep disturbance and sleep-related impairment were related to self-reports of lower perceived emotional support (but not instrumental support), lower ratings of friendship and greater loneliness (range of rs = −.25 to −.28, ps \< 05). Greater sleep disturbance and sleep-related impairment were related to greater social distress as reflected by associations with perceived social rejection and hostility from others (range of rs = .36 to .44, ps \< .01).

###### 

Social correlates of sleep disturbance and sleep-related impairment.

                                                Sleep Disturbance   Sleep-Related Impairment
  --------------------------------------------- ------------------- --------------------------
  **[Adult Social Relationship Scales]{.ul}**                       
   Emotional Support                            −.28\*\*            −.25\*
   Instrumental Support                         −.09                −.16
   Friendship                                   −.27\*              −.26\*
   Loneliness                                   .36\*\*             .36\*\*
   Perceived Rejection                          .36\*\*             .41\*\*\*
   Hostility                                    .37\*\*\*           .44\*\*\*
  **[Social Functioning (SLOF)]{.ul}**                              
   Interpersonal                                −.33\*\*\*          −.36\*\*\*
   Social Acceptability                         −.40\*\*\*          −.50\*\*\*
   Overall Social Function                      −.41\*\*\*          −.47\*\*\*
   Activities                                   −.16                −.06
   Work Skills                                  −.41\*\*\*          −.49\*\*\*
   Community Living Skills                      −.30\*\*            −.25\*
  **[Social Network]{.ul}**                     −.22\*              −.15
  **[Social Competence (UPSA)]{.ul}**                               
   Financial                                    −.17                −.12
   Communication                                −.26\*              −.33\*\*\*

SLOF, Specific Level of Function Scale; UPSA, University of California, San Diego (UCSD) Performance-Based Skills Assessment. \*p \< .05; \*\*p \< .01; \*\*\*p \< .005.

With regard to social functioning, greater sleep disturbance and sleep-related impairment were associated with poorer functioning across all domains with the exception of activities (range of rs = −.25 to −.50, ps \< .05). Turning to social network size, greater sleep disturbance (but not sleep-related impairment) was related to smaller social networks (r *=* −.22, p \< .05). Finally, greater sleep disturbance and sleep-related impairment were related to poorer social competence as measured by ratings of communication skills (rs = −.26 and −.33, respectively, ps \< .05) but not financial skills on the UPSA.

Given that symptoms and cognitive impairment can contribute to social dysfunction, we sought to determine if sleep disturbance continued to hold a relation with social variables after controlling for total symptoms on the BPRS (due to missing data, partial correlations range of n = 83--87) and after simultaneously controlling for all seven MATRICS subtests (due to missing data, partial correlations range of n = 72--76). Results of partial correlations are presented in [**Table 5**](#T5){ref-type="table"}. After controlling for the BPRS total symptom score, greater sleep disturbance continued to be related to more social distress as reflected by greater perceived rejection and hostility. Sleep disturbance also remained associated with a range of social functioning measures except activities and community living skills. Finally, greater sleep disturbance remained associated with poorer social competence as assessed by the UPSA communication scale. A similar pattern of results was obtained after controlling for cognitive performance with sleep disturbance retaining associations across perceptions of social relationships, social functioning as well as social competence (communication).

###### 

Social correlates of sleep disturbance controlling for symptoms and cognitive impairment.

                                                Sleep Disturbance   
  --------------------------------------------- ------------------- ------------
  **[Adult Social Relationship Scales]{.ul}**                       
   Emotional Support                            −.18                −.19
   Instrumental Support                         −.08                −.14
   Friendship                                   −.17                −.18
   Loneliness                                   .17                 .34\*\*
   Perceived Rejection                          .27\*               .33\*\*\*
   Hostility                                    .30\*\*             .43\*\*\*
  **[Social Functioning (SLOF)]{.ul}**                              
   Interpersonal                                −.23\*              −.28\*
   Social Acceptability                         −.34\*\*\*          −.46\*\*\*
   Overall Social Function                      −.32\*\*\*          −.41\*\*\*
   Activities                                   .06                 −.04
   Work Skills                                  −.38\*\*\*          −.39\*\*\*
   Community Living Skills                      −.11                −.20
  **[Social Network]{.ul}**                     −.11                −.04
  **[Social Competence (UPSA)]{.ul}**                               
   Financial                                    −.07                −.15
   Communication                                −.22\*              −.25\*

SLOF, Specific Level of Function Scale; UPSA, University of California, San Diego (UCSD) Performance-Based Skills Assessment. \*p \< .05; \*\*p \< .01; \*\*\*p \< .005.

Discussion {#s4}
==========

This study sought to examine the contribution of sleep disturbance and sleep-related impairment to a variety of social domains within a transdiagnostic sample including psychotic disorders. Sleep disturbance and sleep-related impairment were assessed with standardized and validated measures. A strength of the study was that social assessments spanned several domains including self-reported perceptions of social relationships, social functioning in the community, social network size, and behavioral assessments of social competence.

Regarding perceptions of social relationships, sleep disturbance and sleep-related impairment were related to reports of lower emotional (but not instrumental) support as well as lower reports of friendship and greater loneliness. The results are consistent with findings from non-clinical samples indicating that lower social support and greater loneliness are related to lower sleep quality ([@B32]--[@B35]) and greater sleep-related impairment ([@B36]) and extend these findings to samples with psychosis. Further, both facets of sleep problems were related to greater perceptions of social rejection and hostility from others. These results are consistent with prior findings that social rejection is related to sleep disturbance in healthy individuals ([@B27]). The results for perceptions of social relationships as hostile are potentially consistent with findings that greater paranoid ideation is related to poorer sleep quality in clinical \[e.g., ([@B67])\] and non-clinical \[e.g., ([@B68])\] samples. The association between greater emotional support and friendship and lower sleep disturbance found in zero-order correlations were no longer maintained when controlling for symptoms or cognitive functioning. However, greater perceived rejection and hostility remained associated with greater sleep disturbance even after controlling for total symptoms and overall cognitive functioning (and loneliness remained related to sleep disturbance after controlling for cognitive performance). This pattern of results indicates that sleep disturbance may have an especially robust impact on negative perceptions of social relations potentially leading to a sense of rejection and perceptions of being treated in a hostile manner by others.

Greater sleep disturbance and sleep-related impairment were associated with social dysfunction across a variety of domains including poorer overall functioning and poorer work functioning. Notably, these correlates reflected medium to large effect sizes. Importantly, these associations between sleep disturbance and poorer social functioning persisted even after controlling for symptoms or cognitive functioning (factors known to contribute to social impairment). These results suggest that sleep disturbance may have a unique contribution to social impairment in psychosis above and beyond symptomatology and cognitive impairment. Our findings replicate and extend those of Afonso et al. ([@B46]) indicating that lower sleep quality was related to poorer personal and social functioning in individuals with schizophrenia.

Findings indicated that sleep disturbance and sleep-related impairment were related to behavioral ratings of social competence in the domain of communication (but not finance). Sleep disturbance remained associated with social competency ratings in communication even after controlling for symptoms and cognitive impairment. This is the first demonstration that we are aware of showing that sleep disturbance manifests in behavior with impaired social skill. Given the contribution of social competence to functional impairment ([@B7], [@B8], [@B16]), this suggests that sleep disturbance may be a relevant factor to consider in models that seek to understand skills deficits and functional impairment in psychotic disorders.

Overall, our results indicate that sleep problems in psychosis are associated with a variety of social problems involving negative social perceptions, poor functioning in the community, and diminished social skill. These results fit with prior work in non-clinical populations indicating the important connections between sleep and social processes ([@B27], [@B28]). The current findings are cross-sectional; thus, we are not able to disentangle to what extent sleep problems precede and give rise to social problems \[e.g., ([@B38], [@B39])\] or whether social difficulties contribute causally to sleep problems \[e.g., ([@B27])\]. However, current models emphasize a bidirectional relationship between sleep and social behavior ([@B27]).

The present findings suggest several paths for future research. An examination of how sleep problems impact social functioning is needed to better understand the mechanisms underlying this association. Prior research suggests that sleep insufficiency may lead to behavioral alterations including a lower ratio of positive to negative affect, lower empathic accuracy, and less conflict resolution ([@B38]). Sleep loss may also contribute to feelings of loneliness and self-initiated social withdrawal that adversely impacts observers desire to interact with an individual ([@B39]).

Beyond clinical, self-report and behavioral assessments, future research should explore neural mechanisms that might underlie the connection between sleep and social dysfunction in psychosis. Simon and Walker ([@B39]) found that sleep deprivation results in social withdrawal based on reduced activity in theory of mind neural networks and increased activity in brain regions involved in perceiving threatening approach. Insomnia has been shown to increase amygdala activation and reduce prefrontal-amygdala connectivity ([@B69]--[@B71]). Given the role of the amygdala and related structures in negative affect and threat perception \[e.g., ([@B72], [@B73])\], amygdala activation associated with sleep insufficiency may in part contribute to perceptions of social rejection and hostility. It is interesting that, paralleling findings of amygdala activation in schizophrenia ([@B74]), sleep deprivation has been found to result in elevated amygdala activity to both aversive and neutral stimuli ([@B75]). Thus, sleep insufficiency may lead to neural changes that contribute to the misinterpretation of neutral or ambiguous stimuli as threatening. Additional research is required to further examine if sleep insufficiency contributes to social impairment through changes in brain circuitry that are involved in social avoidance, threat perception, and negative affect.

Finally, the current results may have implications for developing interventions to improve social functioning in psychosis. Our findings suggest that sleep disturbance may contribute to social impairment beyond overall symptoms and cognitive impairment. Should this finding be replicated, such an association might indicate that targeting sleep disturbance could enhance functional outcomes in psychotic disorders. Prior research has indicated that sleep interventions can positively impact social functioning in non-psychiatric individuals \[e.g., ([@B40]--[@B42])\]. Given the association between negative symptoms and social impairment in psychosis ([@B12]) and the relationship between sleep problems and negative symptoms ([@B53]), it is interesting to speculate that adding sleep interventions to treatments for negative symptoms and social impairment could potentiate clinical outcomes to further enhance recovery.

Several limitations constrain interpretation of the present findings. First, as noted previously, this is a cross-sectional study and we are not able to establish if sleep disturbance and related impairment are contributing to social problems or if social difficulties give rise to sleep problems. Second, while we adopted an RDoC approach ([@B49]--[@B51]) to examine transdiagnostic associations from a dimensional perspective, we were not able to explore the potential differential relations of sleep domains across different diagnoses or differences between clinical and non-clinical participants. Third, the majority of clinical participants were receiving various forms of medication and we are not able to examine how different types or dosages of medication may contribute to sleep problems. Finally, assessment of sleep disturbance and sleep-related impairment were limited to self-reports. We do not have information relevant to the presence of clinically diagnosed sleep disorders nor do we have information based on other methods such as sleep diaries or actigraphy---methods that may provide additional information on sleep parameters not captured in our current assessments.

In summary, consistent with our hypotheses, results indicated that sleep disturbance and sleep-related impairment have widespread deleterious impacts on perceptions of social relationships, social functioning, and social competence or behavioral skill. Sleep disturbance retained its associations with perceptions of social relationships, social functioning, and social competence even after controlling for total symptoms or cognitive functioning. These findings have implications for understanding the profound social impairment that occurs in psychosis and suggest novel approaches to treating social dysfunction in these disorders.
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